Log interpretation has revealed a number of factors that have a significant impact on the determination of reservoir fluid content (oil saturation factor). The presented research paper is focused on the analysis of petrophysical properties of reservoir fluids considering laboratory studies of core samples. Based on core sample analysis, data of laboratory studies have been correlated to estimates of radioactive logging and high-frequency induction logging. To determine the oil saturation factor a method which considers the effect of mixed clay on reservoir fluid saturation has been proposed.
Introduction
Field K is located in Pudinsk oil and gas province in Western Siberia. Commercial oil content is associated with sand J 1 1 formation confined to Callovian-Oxfordian J 1 horizon of Vasyugan suite. The deposit is a complex, lithologically sealed structure located at the anticline flank. According to facies classification pay zone is related to coastal bar.
In a number of well cores from the field K the discrepancies between predicted log-derived water cut and actual water cut for tested wells have been revealed, with predicted water cut being higher than the actual one by 10% average.
The relevance of the research is that, in some cases, the current petrophysical model of field K does not determine water saturation coefficient (S w ) and reservoir fluid content (figure 1). In this respect, to refine the petrophysical model, new core sample analysis has been conducted which revealed the peculiarities of non-homogeneous field K reservoir. This data has proved the consistency of water saturation estimates and, consequently, reservoir fluid content.
The purpose of this research is to identify the factors which distort water saturation coefficient and reservoir fluid content estimates and their effects on well log interpretation.
The research target is J 1 1 reservoir rock within which reservoir properties are non-uniformly distributed from the roof to the bottom [1] . 
Selection of reference wells
Based on the comparison of predicted and actual water cut, seven wells located in the same area of the field have been selected as water cut is higher than the initial one by approximately 5-15 % (table 1) . The wells are located within the zone which is not affected by production operations, as during drilling no production and injection wells were found. All the wells are located in the northeastern part of field K forming an anomalous zone on the areal map.
Log analysis
Well-logging suite implemented in field K involved basic methods which are used in production well testing, and included such methods as spontaneous potential log, gamma-ray logging, neutron logging, gamma-gamma density logging, lateral logging, high frequency induction logging. [5] . Such a combination makes it possible to define reservoir zones, their reservoir properties, electrical resistivity and fluid content with sufficient accuracy. It should be noted that pay zone SP curve does not indicate bottom reservoir boundary due to its regressive structure. Therefore, in the present petrophysical model, selection of effective thickness and porosity calculation was based on calculated gamma-ray relative amplitude curve; whereas porosity calculation, according to gamma-gamma density logs, has not been performed for all reference wells because of partial log recordings.
The analysis of well logs from reference wells has indicated the following effects: 1) increased shaliness of reservoir bottom according to gamma-ray logs (figure 2a); 2) high-frequency induction log inversion (figure 2b) . Though high-frequency induction log inversion implies the presence of oil-water contact within reservoir zone, well operation tests have indicated that fluid inflow water cut does not exceed 10%, which, in its turn, provides evidence of pure oil content. Based on qualitative analysis of well log behavior, it can be concluded that reservoir properties of J 1 1 formation bottom zone are derated. Low resistivity is probably due to overall high bulk-volume fraction of shale in the bottom zone. 
Porosimetry, granulometry and thin section analysis
Core samples from three wells were used in analyzing reservoir properties. Porosity measurements, particle size and thin section analysis were performed to determine the lithologic composition of reservoir rocks, void pattern and mineral composition of pore-filling cement in the above-described reservoir.
According to mineralogical composition J 1 1 sandstones include greywacke-feldspar-quartz variety; rock matrix also contains mica aggregates, single grains of glauconite, as well as chlorite as pseudomorph glauconite.
Cement content in the rock is 9-18%. Cement is basically of polymineral composition, predominantly hydromica, chlorite, kaolinite and mica aggregates, and in some areas calcite, siderite and pyrite. Chlorite is a common cement constituent. Cementation is of membrane-pore type.
In terms of particle size, sandstones are fine-medium-grained; in the layer bottom where finegrained sandstones (0.25-0.1 mm) and fine-grained siltstones (0.1-0.01 mm) are interbedded.
It can also be noted that pyrite (6-30% content) is distinguished in the mineralogical composition of the cement, which in glauconite-chlorite mineral association of cement increases the electrical conductivity, and, thereby, causes electrical resistivity decrease. Additional correction for pyritization was not applied as pyrite content was calculated on the basis of formation resistivity vs. porosity coefficient.
Porosity measurements have also been performed based on the analysis of core samples from two wells. Correlation of sampling intervals with modal pore distribution has indicated that bottom reservoir rocks are non-homogeneous and contain small-size pores with average radius of 1-2 mm [7] .
Petrophysical properties of reservoir rocks
Considering the fact that log-derived porosity is the same as laboratory-measured formation porosity, it has been concluded that the algorithm used for calculating porosity is reliable. Consequently, the error in determination of fluid content regarding this petrophysical parameter has not been considered.
As a result of the analysis of petrophysical relationships F R = f (φ) and I R = f (Sw) based on core sample studies, no definite petrophysical type for clay-abundant bottom reservoir rock has been distinguished (figure 3) which, in its turn, suggests that the mineral matrix within the entire reservoir column is composed of a single rock. 
Analysis of challenging factors
The study of open-hole logs, cased hole logs and core analysis has indicated that shaliness bottom J 1 1 reservoir rocks has the greatest effect on oil saturation determination. This factor causes overestimation of electrical conductivity, which, in its turn, has a significant impact on the determination of water saturation coefficient, resulting in overestimation as well. According to facies classification, the reservoir is a regressive bar, bottom clays tend to be of a mixed type (they are mainly laminar and, to a lesser extent, structured). Therefore, to estimate its effect volumetric clay index calculated by Ellansky formula is used [2]:
1.055 1.14 1.111 Vcl I , where, Vcl -clay volume (factor), -gamma ray delta. To eliminate the influence of this factor the reservoir rock was divided into two types, and these types do not correspond to existing petrophysical reservoir rock types but they have been distinguished based on lithotypes that differ in void space internal arrangement and clay cement distribution. However, material which constitutes these reservoir types is the same.
Lithological types (lithotypes) are differentiated according to the following characteristic criteria: 1 type -pure medium-grained sandstone characterized by the lowest natural radioactivity, AGR> 0.90 unit fraction ( figure 4) 2 type -clayey, medium-grained sandstone characterized by increased natural radioactivity, AGR≤0.90 unit fraction (figure 4), and the inversion of induction logs. 
Methods for water saturation coefficient calculation
The standard petrophysical model of water saturation coefficient calculation (Archie-Dakhnov method) is applied to homogeneous reservoirs. Provided that clay material is non-uniformly distributed within the reservoir rock, the standard method of calculation is not reliable. Calculation of water saturation coefficient using j-function is difficult, in this case, since there are no reliable data on oil-water contact in the field. The analysis of in the laboratory core samples provides evidence of different relationships between particular mineral presence in the clay material and rock porosity. Vasyugan suite porosity factor is dependent on chlorite content. Its presence in reservoir pore-filling cement reduces effective porosity, resulting in a felted structure, and therefore, increasing the specific surface area of pore channels and amount of bound water [7] .
Taking into account the regressive reservoir structure, being of mixed clay type, and the fact that cross-plots used in the interpretation were produced for cores composed of pure sandstone, a correction has been introduced into the calculation of formation resistivity factor to identify the effect of complex shaliness.
Water saturation coefficient calculation for lithotype 1 was made according to approved cross-plots for the reservoir rock composed of pure sandstone. Calculation of water saturation coefficient for lithotype 2 involved a correction for formation resistivity factor which was calculated as follows [6] :
(1 )
where а -lithological factor, m -cementation factor, Vsh -shale volume factor, φ -porosity factor.
Results and discussion
Based on the applied method, for wells with high predicted water cut, water saturation coefficient has been recalculated for intervals which correspond to reservoir rock lithotype 2. Recomputation of water saturation coefficient for intervals corresponding to lithotype 1 has not been performed (table. 2). Discrepancies of predicted and initial water cut estimates are due to log measurement error.
Conclusion
The analysis conducted for field K wells with high predictive water cut has identified the factor which causes errors in water saturation coefficient calculation, which, in its turn, results in misleading conclusions about fluid content in a reservoir.
To eliminate this factor effect, the method of water saturation coefficient calculation considering reservoir shale index has been applied in this field for the first time.
As a result of this technique application and based on new core data, the petrophysical model has been improved making it more reliable.
The presented method is recommended in log interpretation for step-out wells in this field, as well as in deposits with similar reservoirs. Application of this method improves the accuracy of determination of water saturation coefficient and fluid content, as well as a more accurate prediction of initial water cut.
